Quantitative micro-scale complement-fixation and semiquantitative gel immunodiffusion assays for myoglobin have been evaluated experimentally and used to measure myoglobin in the sera of more than 1500 patients.
have been evaluated experimentally and used to measure myoglobin in the sera of more than 1500 patients.
We report certain problems, observations, and methodological improvements.
Serum caused enhancement of precipitin lines in the immunodiffusion assay. In the complement-fixation assay, serum interfered both by enhancing or inhibiting complement fixation. Suggested modifications in the complement-fixation assay are: (a) routine threefold or greater dilution of serum with buffer and (b) use of serum-based rather than buffer-based calibration materials in preparing standard curves.
Three cycles of freeze-thaw of serum or buffer decreased detectable myoglobin by 50-100%.
We conclude that certain serum-related factors and freezethaw phenomena are important causes of error in immunological assays for myoglobin.
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Myoglobin is a heme-containing protein that is important in oxygen transport and storage within muscle cells (1) . In humans, it is present in cardiac and skeletal muscle (2). With certain types of stress or injury to cardiac or skeletal muscle, or both, myoglobin may become detectable in the serum and urine, and it is potentially very important in diagnostic medicine because of its relative tissue specificity.
Recently, several authors have suggested that serum or urine myoglobin determinations be used in the diagnosis of myocardial infarction
Others have used serum and urinary myoglobin values as an index to injury to skeletal muscle (8) (9) (10) (11) (12) human psoas muscle and purified by a method similar to that described by K#{224}gen et al. (21) .
Materials and Methods

Complement-fixation Assay
We modified the complement-fixation assay described by Kagen et al. (3) as follows: (a). we omitted use of undiluted and twofold dilutions of sera, to minimize serum interference observed at those low dilutions (routine dilutions of sera were three-, five-, and 10-fold); and (b) myoglobin dissolved in normal serum was used for establishing standard curves.
Effect of serum interference:
To document the effect of serum interference on the complement-fixation assay, a known amount of purified myoglobin was dissolved in normal human serum and a range of values was obtained by further dilution with human serum. Serum samples were assayed without dilution with buffer (see "undiluted serum" in Figure 1 ). by further diluting these samples with serum from the same individual. An aliquot of each serum myoglobin dilution thus obtained was diluted three-, five-, and 10-fold with buffer. A standard curve was plotted from results obtained for each of those three dilutions with buffer ( Figure 1 ).
Quantitative myoglobin values may either be read directly from appropriate standard curves or interpolated from tables of values derived from standard curves. Test samples diluted more than 10-fold are assigned values from the 10-fold dilution table.
Effect of freeze-thaw:
To assess the effect of repeated freezing and thawing on serum myoglobin values, we dissolved myoglobin in serum and prepared a range of concentrations in a manner similar to that used to prepare standard curves. Four aliquots of each dilution were respectively subjected to 0, 1, 2, or 3 cycles of freeze-thaw. Each sample was then diluted three-, five-, or 10-fold with buffer and assayed for myoglobin in the usual manner. A cycle of freeze-thaw consisted of storing samples at -30#{176}C for 24 h and then allowing the samples to thaw completely at room temperature.
Immunodiffusion Assay
The immunodiffusion assay was performed using the Ouchterlony immunodiffusion technique2 in a manner similar to that described by Kagen et al. (21, 22) . Undiluted antiserum from a single rabbit was used for all immunodiffusion assays. The antiserum did not form precipitin lines with either hemoglobin or serum proteins as determined by double gel diffusion. Accurately measured quantities of myoglobin were dissolved in either serum or buffer. These solutions of myoglobin were tested by immunodiffusion after 0, 1, 2, or 3 cycles of freeze-thaw. One cycle of freezethaw for this system consisted of freezing a specimen at -30 #{176}C for 1 to 2 h and then allowing the samples to thaw completely at room temperature. All samples for a given diluent could thus be tested in the same agar preparation on the same day. Figure 1 illustrates that undiluted serum interferes with the complement-fixation assay for myoglobin. The interference takes the form of inhibition and enhancement of complement fixation (peak suppression and baseline elevation, respectively). A family of curves with characteristics similar to those seen in Figure  1 was obtained by assaying known quantities of myoglobin that had been dissolved in the serum of two other subjects. The degree of peak suppression and baseline elevation varied somewhat among the subjects. However, when the dilution of serum with buffer was threefold or greater, the relationship of those curves remained relatively constant in the range of 20-80% complement fixation. Myoglobin values in the range of 20-80% complement fixation were more reproducible than were values determined from other regions of the standard curves (P < 0,025). Thus, values outside the 20-80% range of complement fixation were disregarded in myoglobin calculations. Table 1 shows results of experiments designed to assess the effect of freezing and thawing on serum myoglobin quantification.
Results
Serum myoglobin concentrations of 1.25 mg/liter and less became unmeasurable after three cycles of freeze-thaw, and values greater than 1.25 mg/liter were decreased by 53% (range, 45-65%) after three cycles of freeze-thaw.
As Table 2 indicates, when myoglobin is dissolved in serum, precipitin lines may be detected at lower myoglobin concentrations than when it is dissolved in buffer. Table 2 also documents that after repeated freezing and thawing progressively less myoglobin is detected in either serum or buffer, about twice as much myoglobin being required to produce an equal- a All values were calculated by interpolation from values used to construct the standard curves in Figure 1 . Those curves were derived from myoglobin in serum that had undergone one freeze-thaw cycle.
1' FT, freeze-thaw cycles. C Dash indicates that no values for three-, five-, or 10-fold dilution were in the range of 20-80% complement fixation. has the undesirable effect of decreasing the potential sensitivity of the assay. We first noted the effect of freezing and thawing on the complement-fixation assay for myoglobin when samples had to be retested to assure that dilu-tions were optimum for quantification of myoglobin. The myoglobin values obtained after a cycle of freeze-thaw were consistently lower. Table 1 
